Restriction sites on the Heliothis zea nuclear polyhedrosis virus (HzSNPV) genome were mapped for the endonucleases BamHI, EcoRI, HindlII, SstI, XhoI and KpnI. 
Short communication
HzSNPV DNA was digested with BamHI, EcoRI, HindIII, SstI, XhoI and KpnI under conditions specified by the supplier (Bethesda Research Laboratories) and electrophoresed in 0.6 to 0.7~ agarose gels (Knell & Summers, 1981) . Molecular weights of restriction fragments were determined by linear regression analysis using EcoRI fragments of lambda DNA as standards. Molecular weights of BamHI, HindlII, SstI and XhoI fragments larger than 7.7 kbp were determined from the sum of the EcoRI digestion products of those fragments.
Double-reciprocal digests of isolated HzSNPV BamHI, EcoRI, HindlII, SstI and XhoI fragments were performed in the following manner: HzSNPV restriction fragments were electrophoresed in 0.6~o Seaplaque agarose, the u.v. visible bands cut out, digested with the second restriction enzyme and electrophoresed in 0-6 to 0.7~o agarose (Smith & Summers, 1980a) . After electrophoresis of the double-digests, HzSNPV fragments were transferred to nitrocellulose filters (Smith & Summers, 1980b) and hybridized with 5 x 105 ct/min/ml of HzSNPV DNA labelled with [~-32p] dCTP by nick-repair (Rigby et al., 1977) to a specific activity of 107 tO 108 ct/min/~tg. Hybridization reactions were carried out in a buffer composed of 4 × SET (1 x SET = 0-15M-NaC1, 0.03 M-Tris pH 8.0, 0-01 M-EDTA), 2 x Denhardt's reagent and 150 ~tg/ml denatured calf thymus DNA at 68 °C for 24 h. Nitrocellulose filters were washed for 1 h in 2 x SSC and 0.1 ~ SDS at room temperature, and 1 h in 0-1 x SSC and 0.1 SDS at 50 °C. The filters were then exposed to X-ray film for 24 to 72 h at -80 °C with an intensifying screen. The HzSNPV restriction fragments were then mapped by end fragment analysis (Nathans & Smith, 1975) . The approximate locations of the KpnI restriction sites were determined by comparing the double-digest patterns between KpnI and each of the other five enzymes with the single-digest patterns seen in Fig. 1 . BamHI, EcoRI, HindlII, SstI and XhoI fragments that were missing or showed altered mobility in double-digests contained KpnI restriction sites. The sizes of the KpnI fragments were then estimated from the sums of the molecular weights of the mapped fragments contained within them. Since these molecular weights corresponded to those estimated from agarose gel electrophoresis of KpnI digests (Fig. 1) , it was possible to assign map locations to the HzSNPV KpnI fragments. Since identification of end fragments is difficult using this method, the KpnI map was oriented with those for the other enzymes by assuming that the KpnI sites in the three smallest fragments cleaved by this enzyme (BamHI-I, XhoI-H and SstI-H) were in the centre of each fragment.
Cloned AcMNPV EcoRI and HindlII fragments that share homology with HzSNPV DNA (Smith & Summers, 1982) were labelled with [~-32p] dCTP to 107 to 108 ct/min/~tg and hybridized to HzSNPV HindlII fragments transferred to nitrocellulose. AcMNPV fragment HindlII-V which contains part of the polyhedrin coding region was also hybridized to HzSNPV BamHI, EcoRI, SstI and XhoI fragments. Hybridization reactions were done for 48 h at 37 °C using 1 x 106 to 2 x 106 ct/min of probe per ml in hybridization buffer plus 50~ formamide. The filters were washed as above and exposed for 48 to 72 h at -80 °C with the aid of an intensifying screen. HzSNPV DNA BamHI, EcoRI, HindlII, SstI, XhoI and KpnI restriction fragments etectrophoresed in agarose are shown in Fig. 1 and the sizes reported in Table 1 . The molecular weights of the HzSNPV KpnI fragments were not estimated. The average molecular weight for HzSNPV DNA obtained from restriction fragment measurements was 118.7 kbp. EcoRI and HindlII patterns of HzSNPV presented here differed from those previously reported (Smith & Summers, 1978 Gettig & McCarthy, 1982; Jewell & Miller, 1980) only in that submolar fragments were routinely present in both digests even after extensive digestion. This indicates that the isolate of HzSNPV used in this study probably contained some genotypic variants (Smith & Summers, 1978; Knell & Summers, 1981; Rohrmann et al., 1981) .
The physical map for the HzSNPV genome shown in Fig. 2 was deduced by analysis of reciprocal double-digests of isolated fragments (Nathans & Smith, 1975 (Vlak & Smith, 1982) . Each band is lettered sequentially by increasing mobility and comigrating fragments I to M are designated IM. Submolar fragments present in EcoRI and HindIII digests are not labelled. HzSNPV XhoI fragments indicated by arrows were not seen in subsequent digests and probably represent incomplete digestion products. The sizes of HzSNPV restriction fragments are listed in Table 1 .
The co-migrating EcoRI fragments C and D, F to H, and I to M, as well as XhoI fragments A and B, and D and E, could not be sufficiently separated by electrophoresis in agarose gels to map each unambiguously. These fragments were labelled on the physical map (Fig. 2) in a manner consistent with that described for A c M N P V (Vlak & Smith, 1982) (Fig. 2) . A fifth KpnI site was located at map position 68.1 because it was possible to identify a large (17 kbp) SstI-KpnI end-fragment in fragment SstI-C (SstI A and B are not cleaved by KpnI).
To establish the zero-point and orient the HzSNPV map, HzSNPV fragments homologous to the AcMNPV polyhedrin gene were identified. HzSNPV fragments BamHI-A, EcoRI-I, HindlII-L, SstI-B and XhoI-F hybridized with AcMNPV HindlII-V (data not shown), a fragment which contains most of the 3' end of the AcMNPV polyhedrin gene . In addition, after long exposure some hybridization was detected with HzSNPV HindlII-C. Since XhoI-F was the smallest fragment most likely to contain all of the HzSNPV polyhedrin sequences, it was chosen to represent the left end of the linearized HzSNPV map. Recombinant plasmids containing AcMNPV fragments EcoRI-P (map units 86-88) and HindIII-F (map units 95-3) were hybridized to HindlII fragments of HzSNPV. Both fragments hybridized to HzSNPV HindlII-C (Table 2) . Therefore, to orient the HzSNPV map in the same direction as AcMNPV, the HzSNPV map was constructed with HindlII-C oriented to the left of XhoI-F with the restriction site between the two fragments forming the zero-point. After establishing the origin and orientation of the HzSNPV genome, we compared the relative positions of regions sharing homology between the two virus genomes. Five cloned AcM'NPV restriction fragments known to share some homology with HzSNPV (Smith & Summers, 1982) were hybridized with HzSNPV HindlII fragments. The results indicated that AcMNPV EcoRI fragments G, J and M occupied roughly similar map positions with homologous HzSNPV HindlII fragments. However, AcMNPV EcoRI fragments C and F did not (Table 2) .
In the present study we determined the BamHI, EcoRI, HindlII, SstI, XhoI and KpnI restriction enzyme cleavage sites in the HzSNPV genome and detected regions sharing sequence homology between HzSNPV and AcMNPV DNAs. The identity and function of sequences conserved among baculovirus genomes are unknown except for the polyhedrin gene. DNA sequences for baculovirus polyhedrin proteins are highly conserved in subgroup A and B baculoviruses (Smith & Summers, 1982; Rohrmann et al., 1981) . Smith et al. (1983) also report that AcMNPV EcoRI-P (map units 86-88) shares homology with several baculovirus DNAs and that a highly expressed low molecular weight protein of about 10000 is encoded from this region and produced late in infection. AcMNPV EcoRI-P and HzSNPV HindlII-C (map units 94-3) shared homologous sequences and were in roughly similar positions on the genomes.
Of the eight AcMNPV fragments sharing sequences with HzSNPV DNA (Table 2) , six share some homology in roughly the same map positions. Although the functional significance of these sequences is not known, this suggests that there are some similarities in the physical and functional organization of the two baculovirus genomes. These results also indicate that the linear arrangement of certain baculovirus genes may have been conserved during evolution.
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